The Hilda asteroids are primitive bodies in resonance with Jupiter whose origin and physical properties are not well understood. Current models posit that these asteroids formed in the outer Solar System and were scattered along with the Jupiter Trojans into their present-day positions during a chaotic episode of dynamical restructuring. In order to explore the surface composition of these enigmatic objects in comparison with an analogous study of Trojans (Emery et al. 2011), we present new nearinfrared spectra (0.7-2.5 µm) of 25 Hilda asteroids. No discernible absorption features are apparent in the data. Synthesizing the bimodalities in optical color and infrared reflectivity reported in previous studies, we classify 26 of the 28 Hildas in our spectral sample into the so-called less-red and red subpopulations and find that the two sub-populations have distinct average spectral shapes. Combining our results with visible spectra, we find that Trojans and Hildas possess similar overall spectral shapes, suggesting that the two minor body populations share a common progenitor population. A more detailed examination reveals that while the red Trojans and Hildas have nearly identical spectra, lessred Hildas are systematically bluer in the visible and redder in the near-infrared than less-red Trojans, indicating a putative broad, shallow absorption feature between 0.5 and 1.0 µm. We argue that the less-red and red objects found in both Hildas and Trojans represent two distinct surface chemistries and attribute the small discrepancy between less-red Hildas and Trojans to the difference in surface temperatures between the two regions.
INTRODUCTION
The Hilda asteroids are a large population of minor bodies located in the 3:2 mean-motion resonance with Jupiter. These objects orbit within a relatively narrow range of heliocentric distances around 4.0 AU, between the outer edge of the Main Belt (roughly 3.3 AU) and Jupiter's orbit (5.2 AU). and Early theories of solar system formation posited that the Hildas originated in the middle Solar System and were captured into their present-day orbits during a period of smooth migration (e.g., Franklin et al. 2004) . However, recent advances in our understanding of solar system evolution have placed Hildas in a new light. Current models describe a scenario in which the gas giants crossed a mutual mean-motion resonance sometime after the era of planet formation, triggering chaotic alterations throughout the Solar System (e.g., Morbidelli et al. 2005 ). These models predict that a significant fraction of planetesimals that formed beyond the primordial orbits of the ice giants was scattered inward during the period of dynamical instability and now resides in the middle Solar System .
In particular, simulations carried out within this dynamical framework have demonstrated that the presentday Hildas and Jupiter Trojan, both resonant asteroid populations in the vicinity of Jupiter, should be comprised almost exclusively of objects from the outer Solar System (Roig & Nesvorný 2015) . Such a scenario also points toward a common progenitor population for the Kuiper Belt objects, Trojans, and Hildas, presenting the enticing possibility that studying the surface properties of the more readily accessible Hildas could give insight into the composition of all three populations. The compositional characterization of Hildas and comparison with the properties of Trojans serve as a powerful observational test for probing the veracity of current dynamical instability models.
At present, the composition of Hildas, and indeed that of all other middle and outer solar system minor bodies, remains a subject of much speculation. The general compositional outline for these asteroids posits a mixture of water ice, anhydrous silicates, and organics (e.g., Vilas et al. 1994; Emery & Brown 2004; Yang & Jewitt 2007) . Observational studies of Hildas have hitherto revealed largely featureless, reddish spectra in the optical and near-infrared (Dahlgren & Lagerkvist 1995; Dahlgren et al. 1997; Takir & Emery 2012) and very low albedos averaging around 4% (Ryan & Woodward 2011) . Taxonomically, Hildas are predominantly D-and P-type asteroids, with a small fraction of C-type objects (Grav et al. 2012) . Further into the infrared, a handful of published Hilda spectra reveal a broad, rounded feature centered at around 3 µm, which has been interpreted to be due to a thin layer of water frost coating a dark-grained regolith (Takir & Emery 2012) . A study of a similar feature on Trojans shows that this feature could also be consistent with ammonia ice or irradiation products thereof (Brown 2016) ; such a surface chemistry would naturally point toward an outer solar system origin.
Analysis of optical colors derived from Sloan Digital Sky Survey photometry and infrared reflectivities measured by the Wide-field Infrared Survey Explorer reveals a strong bimodality among both Hildas (Gil-Hutton & Brunini 2008; Wong & Brown 2017a) and Trojans (e.g., Roig et al. 2008; Wong et al. 2014 ). This result demonstrates that Hildas and Trojans are comprised of two spectrally distinct sub-populations and signifies a new dimension in the study of these objects. Comparative spectroscopy promises to expand our understanding of the surface composition, the underlying cause(s) of the subpopulations' bimodal features, possible divergent evolutionary signatures between Hildas and Trojans, and ultimately, the origin of these objects in the broader context of theories of solar system formation and evolution. Emery et al. (2011) analyzed near-infrared spectra of 68 Trojans and uncovered a highly robust bifurcation in spectral slope that corresponds with the previously described bimodality in optical colors. In this paper, we describe the results from an analogous near-infrared spectroscopic survey of Hildas. These observations were undertaken with the objective of compiling a significant body of high-quality Hilda spectra to enable detailed comparison with the earlier results of Emery et al. (2011) , as well as continuing the search for spectral features that may help further constrain the surface composition of these poorly-understood objects.
OBSERVATIONS AND DATA REDUCTION
We carried out five observing runs at the NASA Infrared Telescope Facility (IRTF) throughout 2016. The spectra were obtained with the medium-resolution spectrograph and imager SpeX (Rayner et al. 2003) . We used the LoRes prism mode with a 0.8 × 15 arcsec slit, which produces single-order spectra spanning the wavelength range 0.7-2.5 microns. A total of 25 Hildas were observed, of which 5 were observed on two nights.
Our observing strategy closely mirrored the methods described in Emery et al. (2011) . Objects were dithered 7.5 arcsec along the slit between pairs of observations. In order to minimize readout time, while reducing the effect of atmospheric variability (in particular, the OH emission at these wavelengths), single-exposure integration times were set at 120 s for all of our observations. The telescope tracked each object using the automatic guider, which measures the spillover of the object outside of the slit and corrects the pointing to center the object in the slit at a rate of several times a minute. Solar analog G-dwarfs within 5
• of the asteroid were regularly observed -typically every ∼30 minutes, or whenever the airmass of the object changed by 0.10-0.15. The effect of differential refraction across the wavelength range was minimized by aligning the slit with the parallactic angle (±20
• ) for all asteroid and star observations. Flatfield and argon lamp wavelength calibration frames were taken at the beginning or end of each observing run. Details of our Hilda observations are listed in Table 1 .
The prism data were reduced following standard procedures for near-infrared spectra. We utilized the IDLbased spectral reduction program Spextool (Cushing et al. 2004) in our data reduction. For each pair of dithered frames, this program handles flat-field removal, wavelength calibration, non-linearity correction, background subtraction, and spectral extraction through a graphical user interface. To correct for telluric absorptions as well as the solar spectrum, each extracted asteroid spectrum was divided by the corresponding calibration star spectrum that was obtained closest in time and airmass. The effects of instrument flexure on the wavelength calibration and telluric correction were addressed by shifting each asteroid spectrum relative to the corresponding calibration star spectrum to minimize the variability within the water absorption regions. Bad pixels and other significant outliers were manually pruned from the extracted spectra in Spextool before the individual dithered-pair spectra for each object were combined into a single reflectance spectrum.
RESULTS AND DISCUSSION
The normalized reflectance spectra of the 25 Hildas targeted in our observing runs are shown in the Appendix. Here, and in the subsequent analysis, we have included additional spectra of three Hildas (153 Hilda, 190 Ismene, and 361 Bononia) obtained using IRTF/SpeX and published in Takir & Emery (2012) . The signal-to-noise ratio (S/N) of the 28 Hilda spectra in K-band (2.22 µm) range from 20 to 300.
As is the case with the 0.7-2.5 micron Trojan spectra published in Emery et al. (2011) , none of the Hilda spectra show any absorption features to within the noise level in the data. Therefore, while the surface composition of Hildas is typically assumed to be similar to that of Trojans, i.e., rich in water ice, organics, and crystalline silicates (Emery & Brown 2004; Yang & Jewitt 2007) , no evidence for these materials are found in the nearinfrared spectra.
3.1. Classification into Sub-populations Several previous studies have revealed that Hildas are bimodal with respect to visible color and infrared reflectivity. Using these results, we can classify objects into sub-populations and examine their average near-infrared spectra separately.
Analysis of photometry for Hildas contained in the Sloan Digital Sky Survey Moving Object Catalog (SDSS-MOC) demonstrates that the distribution of spectral slopes at visible wavelengths is strongly bimodal, indicative of two sub-populations with visible colors centered at 4.0 and 9.3, in units of %/1000Å (Gil-Hutton & Brunini 2008; Wong & Brown 2017a) . Following previous works, we refer to these two sub-populations as less-red (LR) and red (R). Ten of the 28 Hildas in our sample have SDSS-MOC photometry; an additional eight objects have earlier published visible spectral slopes (Dahlgren & Lagerkvist 1995; Dahlgren et al. 1997) . We note that there is significant overlap between the two modes in the visible color distribution, so some objects with intermediate spectral slopes cannot be definitively categorized as LR or R. The sub-population classifications based on visible colors are listed in Table 2 . We classify 8 objects as LR, 6 objects as R, and 4 objects as intermediate.
The reflectivity of Hildas in the W1 (3.4 µm) and W2 (4.6 µm) bands of the Wide-field Infrared Survey Explorer (WISE) space telescope also allows for classification of Hildas into the LR and R sub-populations. Specifically, the distribution of relative infrared reflectance in the W1/W2 bands with respect to visible albedo shows two clearly separated clusters (see Figure 12 in Grav et al. 2012) , with one group systematically more reflective at infrared wavelengths than the other. Selecting for Hildas with reflectance measurements in both W1 Notes. a Visible apparent magnitudes at the time of observation. b Diameters are calculated from the listed absolute magnitudes (Hv) assuming pv = 0.04 (Ryan & Woodward 2011) .
and W2 bands, we are able to categorize 18 objects (9 LR and 9 R). The sub-population classifications based on infrared reflectivity are listed in Table 2 .
Comparing the classifications for objects with both visible spectral slope and infrared reflectivity data, we see that the classifications from these two independent methods are consistent, i.e., objects categorized as LR via visible spectral slope are also categorized as LR based on infrared reflectivity, and likewise for R objects. This same pattern was observed for Trojans (Wong et al. 2014 ) and indicates that LR and R objects differ systematically and predictably in both the visible and the infrared. Combining the two sets of classifications, we are able to categorize 22 out of 28 Hildas in our near-infrared spectral sample: 11 LR and 11 R. We can classify an additional 4 objects (3 R and 1 LR) in our spectral sample, which do not have independent published optical or infrared observations, based on their relative positions in nearinfrared color space (see Section 3.3). This brings the total classification count to 12 LR and 14 R. Figure 1 plots the average of all spectra in the two color sub-populations. The main observation is that the average LR and R Hilda spectra are highly distinct, with the difference in shape concentrated primarily at the shorter end of the near-infrared range (λ < 1.5). While the R Hilda spectrum is concave down throughout most of the near-infrared, the LR Hilda spectrum is mostly straight, with only a slight downturn at the shortest wavelengths. This indicates that the LR and R Hilda sub-populations have distinct surface properties, in agreement with the bimodality previously seen at both visible and infrared wavelengths.
Comparison with Jupiter Trojans
In order to compare the absolute reflectivity spectra of LR and R Hildas and Trojans, we compiled all previously published visible spectra (Bus & Binzel 2002; Lazzaro et al. 2004; Takir & Emery 2012) as well as broadband SDSS-MOC photometry of Hildas within our near-infrared spectral sample.
1 All five Hildas with visible spectra (153 Hilda, 190 Ismene, 361 Bononia, 1180 Rita, and 1754 Cunningham) are LR objects. The visible spectral and photometric data are matched to the near-infrared reflectance spectra at 0.75 and 0.913 (Sloan z -band) µm, respectively. The absolute reflectivity level is set by the average visible (0.55 µm) geometric albedo: 0.04 (Ryan & Woodward 2011) . Figure 2 shows the average reflectivity spectra of LR and R Hildas, along with analogous data for Trojans 1 We do not include the visible spectra from Dahlgren & Lagerkvist (1995) and Dahlgren et al. (1997) , as those spectra are not published with uncertainties on the individual data points. Figure 1 . Average of spectra in the LR and R Hilda subpopulations, normalized to unity at 2.2 µm. The two spectra are averages of 12 and 14 individual object spectra, respectively. Gray bars mark regions of strong telluric water vapor absorption. The two sub-populations are distinguished primarily by the difference in spectral slope at shorter near-infrared wavelengths (λ < 1.5). The error bars shown here and in subsequent figures are the uncertainties on the individual reflectance values derived from the weighted average of individual object spectra.
taken from Emery et al. (2011) and Takir & Emery (2012) . We note that the Hilda and Trojan visible spectral samples are a subset of the corresponding nearinfrared spectral samples; moreover, there is little overlap between the visible spectral and SDSS-MOC photometric samples. Therefore, some mismatch between the visible spectral and photometric data can be expected.
The main observation from the comparison plot is that the corresponding sub-populations in the Hildas and Trojans have notably similar spectra. Looking at the R objects separately, we find that R Hildas and R Trojans display largely identical spectral slopes across the visible and near-infrared wavelengths. This observation is corroborated by the reported average visible spectral slopes: 9.3 %/1000Å for R Hildas (Wong & Brown 2017a) , and 9.6 %/1000Å for R Trojans (Wong et al. 2014) . A slight difference in spectral slope is apparent between 0.7 and 0.9 µm. While this disparity between the two populations may be real, this region corresponds to the lower end of the IRTF/SpeX wavelength range, where the transmission function rises steeply. As such, data in this wavelength region are especially susceptible to residual signals from telluric correction, as, for example, in the case of uncorrected nonlinear effects from instrument flexure (Section 2).
The average LR Hilda and Trojan spectra likewise demonstrate similar overall shapes. However, a closer look reveals the possible presence of a very broad and shallow absorption feature in the region 0.5-1.0 µm. We note that the sharp inflection point at 0.7 µm is likely to be primarily caused by the concatenation of different data sets for the visible and near-infrared average spectra, with the former being a subset of the latter. We note that none of the individual Hilda spectra spanning both visible and near-infrared wavelengths shows a discernible feature in this wavelength region above the level of the The absolute reflectivity level at 0.55 µm for each spectrum is set by the published visible albedos: 0.04 for Hildas (Ryan & Woodward 2011) and 0.041 for Trojans (Fernández et al. 2009 ). Average u − g − r − i − z broadband reflectances for objects in our spectral sample with SDSS-MOC photometry are overplotted. R Hildas and Trojans have largely identical spectra. On the other hand, LR Hildas are systematically bluer in the visible and redder in the near-infrared than LR Trojans, suggesting the presence of a broad, shallow absorption feature between 0.5 and 1.0 µm.
uncertainties.
Nevertheless, both visual comparison and color indices (see below) demonstrate that LR Hildas are noticeably redder on average (i.e., have steeper spectral slopes) than LR Trojans throughout much of the near-infrared (0.7-2.0 µm). In contrast, at visible wavelengths, LR Hildas and somewhat bluer than LR Trojans, as evidenced by their average spectral slopes: 4.0 %/1000Å for LR Hildas (Wong & Brown 2017a) , and 5.3 %/1000Å for LR Trojans (Wong et al. 2014 ). Together, these disparities imply an overall concave-up shape in the average LR Hilda spectrum relative to the LR Trojan spectrum extending from the visible into the near-infrared. The implications of such an absorption feature are discussed in Section 3.4.
Near-infrared Colors
To study the spectra more quantitatively, we calculated near-infrared colors. Following the methods described in Emery et al. (2011) , we derived color indices from the normalized reflectance at four wavelengths: 0.85 µm, J (1.25 µm), H (1.65 µm), and K (2.22 µm). The color m λ1 − m λ2 corresponding to a given reflectance ratio R λ2 /R λ1 was calculated using the relation m λ1 − m λ2 = 2.5 log(R λ2 /R λ1 ). Standard error 
Notes.
a Classification into less-red (LR) and red (R) sub-populations based on visible spectral slopes (Dahlgren & Lagerkvist 1995; Dahlgren et al. 1997; Gil-Hutton & Brunini 2008; Wong & Brown 2017a ) and infrared albedos measured by WISE (Grav et al. 2012 ). An intermediate (I) classification denotes a published spectral slope measurement that does not allow for categorization of the object as less-red or red. b Derived from spectra published in Takir & Emery (2012) .
propagation was used to calculate the color uncertainties.
The measured colors for all the Hildas in our sample are listed in Table 2 . Figure 3 shows the distribution of Hilda colors (colored points) in the J −K vs. 0.85−J space, along with the corresponding distribution of Trojan colors (black points), taken from Emery et al. (2011) . The colors of the LR and R Hildas are denoted by blue and red. The overall Trojan color distribution is robustly bimodal, with the locations of the LR and R Trojans clearly identifiable. In contrast, while the LR and R Hildas in our near-infrared spectral sample occupy disparate regions in the J −K vs. 0.85−J space, these regions overlap, resulting in an overall Hilda color distribution that lacks the bimodality seen in the Trojan data. Taking the positions of the 6 hitherto unclassified Hildas on the two-color plot into consideration, we are able classify one (2067 Aksnes) as LR and three (3561 Devine, 5661 Hildebrand, and 14669 Beletic) as R, with the remaining two Hildas unclassifiable due to their having near-infrared color indices that lie in the overlap of the LR and R color regions. The final classification count in our spectral sample is 12 LR and 14 R.
Examining the color indices more closely, we see that the R Trojans and R Hildas have comparable nearinfrared colors, in line with the observation from our comparison of their average spectra in Section 3.2. Meanwhile, the LR Hildas have redder (i.e., higher) color indices than the LR Trojans. The relative shift in the cluster of LR Hildas relative to the LR Trojans is particularly noticeable along the 0.85 − J axis, in agreement with the visual spectroscopic comparison in Figure 2 , which shows that the LR Hildas have steeper spectral slopes than LR Trojans in the short wavelength end of IRTF/SpeX wavelength range.
Implications
In the context of general characteristics shared by Hildas and Trojans, e.g., reddish colors, near-identical optical albedos, and bimodalities in visible color and infrared reflectivity, the large-scale similarity in nearinfrared spectra offers further support to the idea of a common origin for these two minor body populations. While the overall near-infrared color distribution of Hildas does not display bimodality, as in the case of Trojans, Hildas classified as LR or R via visible color and/or infrared reflectivity cluster around two separate near-infrared color centers.
The systematic spectral differences between LR and R objects within the Hilda and Trojan populations, which are manifested from the visible to the infrared, are in- . Two-color plot derived from the near-infrared spectra of Hildas (colored points) and Trojans (black points). Hildas that are classified as less-red (LR) and red (R) via visible color and/or infrared reflectivity are denoted by blue and red, respectively; unclassifed objects are marked in yellow. The Hilda near-infrared color distribution lacks the robust bimodality evident in the Trojan data. Nevertheless, LR and R Hildas occupy distinct regions in color space, implying systematically different surface properties and allowing us to classify an additional 4 objects into the LR and R sub-populations.
dicative of distinct surface compositions (see also discussion in Emery et al. 2011) . Wong & Brown (2016) developed a hypothesis within the framework of current dynamical instability models to explain the origin of the sub-populations attested in the Hildas, Trojans, and similarly-sized Kuiper Belt objects (Wong & Brown 2017b) . In short, the precursor objects to these three populations initially formed in a planetesimal disk spanning a wide range of heliocentric distances in the outer solar system beyond the orbits of the ice giants with roughly cometary compositions rich in volatile ices such as ammonia, methanol, hydrogen sulfide, etc. Subsequent insolation-driven sublimation loss led to the development of distinct surface compositions over the course of the first few hundred million years after the end of planet formation, prior to the onset of dynamical stability that scattered these bodies into their present-day locations.
From our modeling, we predict hydrogen sulfide ice (H 2 S) to be the crucial volatile ice species responsible for the development of two distinct spectral types. Objects in this outer solar system primordial disk would have been split into two groups -the objects situated closer to the Sun experienced higher surface temperatures and became depleted of H 2 S on their surfaces, while objects farther out retained H 2 S. Previous experimental work has shown that irradiation of volatile ices leads to a general reddening of the optical color (e.g., Brunetto et al. 2006) . We posit that the presence of H 2 S, which is known to induce a strong reddening of the surface upon irradiation (see, for example, H 2 S frost on Io; Carlson et al. 2007) , would contribute additional reddening relative to the case where H 2 S was absent. In both cases, the result of irradiation would have been the formation of a refractory mantle on the surface of the objects, with the presence or absence of sulfur-bearing minerals yielding a color bimodality among objects in the primordial planetesimal disk. Objects that retained H 2 S on their surfaces would develop R colors, while those that became depleted in H 2 S would develop LR colors. The subsequent dynamical instability spread these objects across the present-day minor body populations, which therefore inherit this primordial color bimodality.
Our present analysis has shown that LR Hildas have relatively steeper spectral slopes in the near-infrared when compared to LR Trojans; meanwhile, R Hildas and Trojans have near-identical visible and near-infrared colors. In the context of the aforementioned color bimodality hypothesis, which posits that both LR and R Hildas and Trojans were scattered into their present-day orbits from the same progenitor population in the outer Solar System, this disparity between LR Hildas and Trojans is likely explained by their different present-day environments. Hildas orbit significantly closer to the Sun than Trojans and thereby experience higher surface temperatures. It follows that the surface chemistries (sulfurbearing or sulfur-less) of LR and R objects react differently to heating. While R objects appear to be stable to the temperature change between the Trojan and Hilda regions, LR objects develop redder spectral slopes in the near-infrared and bluer optical colors when heated.
The putative broad and shallow absorption feature in the average LR Hilda spectrum between 0.5 and 1.0 µm (Section 3.2) is notable in that it suggests the first spectroscopic signature to be found at visible or near-infrared wavelengths on Hildas. Future study of more precise spectra of Hildas with continuous wavelength coverage across the visible and near-infrared is needed to confirm and/or characterize this feature. Nevertheless, comparing the Hildas with other nearby minor body populations offers a clue to its possible origin.
Looking inward, we find some clearer examples of this feature. Combined visible and near-infrared spectra of two Cybele group asteroids -76 Freia and 107 Camilla -show a pronounced concave-up shape throughout the 0.5-1.0 µm region within otherwise featureless spectra (Takir & Emery 2012 ). These objects lie in the 7:4 meanmotion resonance with Jupiter, with orbital semimajor axes of 3.41 and 3.49 au, respectively, and, similar to Hildas and Trojans, are presumed to originate in the outer solar system within the dynamical instability scenario (Roig & Nesvorný 2015) . Both of these Cybele asteroids have LR visible colors and, when considered alongside the LR Hildas and Trojans, point to an intriguing trend: the depth of the broad 0.5-1.0 µm feature appears to increase with decreasing heliocentric distance.
This broad absorption feature between 0.5 and 1.0 µm in asteroidal spectra is generally interpreted as indicating hydrated phyllosilicate minerals on the surface (e.g., Rivkin et al. 2015 , and references within). The possible presence of hydrated minerals on the surface of Hildas has major implications for their evolutionary history, since it would require melting of surficial water ice, which does not occur at the present-day surface temperatures of Hildas. Within the framework of dynamical instability models, the aforementioned trend between the depth of the 0.7 µm feature and heliocentric distance among LR objects could be explained if the Cybeles and Hildas were scattered onto orbits that passed systematically closer to the Sun than Trojans during the period of dynamical instability, thereby experiencing higher surface temperatures and possible melting of water ice. The additional observation that R Hildas do not display this absorption signature may indicate that the presence of sulfurbearing components on the surface blocks the development of hydrated mineral absorption features. Further spectral modeling and dynamical instability orbital simulations are needed to determine the specific chemical species responsible for the absorption feature and how it figures into the origin and evolution of these minor body populations.
CONCLUSION
In this paper, we presented new near-infrared spectra of 25 Hilda asteroids. As in the case of analogous spectra of Trojans (Emery et al. 2011 ), we did not detect any absorption features within the wavelength range covered by the IRTF/SpeX spectrograph (0.7−2.5 µm). Classifying the Hildas into less-red and red sub-populations based on their previously published visible color and/or infrared albedo, we found that the average less-red and red Hilda spectra have very distinct shapes. Taken together, the systematic differences in spectroscopic/photometric properties from the visible through the infrared firmly establish that the two Hilda sub-populations possess distinct intrinsic surface compositions, in agreement with the conclusions of earlier studies of Trojans.
Combining our near-infrared spectra with visible spectra from the literature and comparing the results with analogous data for Trojans, we observed that the corresponding sub-populations within the Trojans and Hildas have similar overall spectral shapes. This lends support to the idea that the less-red and red Trojans and Hildas are each sourced from a single progenitor population, as is posited by recent dynamical instability theories of solar system evolution. Upon closer inspection, we uncovered a notable difference between the less-red and red objects in the Hilda and Trojan populations. Whereas the red Hildas and Trojans have nearly identical spectra, the less-red Hildas are significantly redder than less-red Trojans in the near-infrared, while being somewhat bluer than their Trojan counterparts at visible wavelengths. From this observation, we inferred the presence of a very broad and shallow absorption feature in the average lessred Hilda spectrum between 0.5 and 1.0 µm, suggesting the possible presence of hydrated minerals on the surface. In the context of our hypothesis regarding the origin of the two sub-populations, we proposed that the discrepancy between less-red Hilda and Trojan spectra is a consequence of their different surface temperatures. Meanwhile, objects in the red spectral type are stable to the temperature gradient between the Hilda and Trojan regions.
Pinning down a more detailed picture of the surface (and bulk) composition of Hildas and Trojans remains a crucial and unfulfilled step in the overarching objective of understanding the origin of these minor body populations and validating current models of solar system evolution. A potentially fruitful avenue of further study is analyzing new Hilda spectra covering the 3 µm region. Previous study of Trojans has revealed a significant absorption feature centered at around 3.1 µm, consistent with both water frost and ammonia ice (Brown 2016) . Intriguingly, the depth of this feature is strongly correlated with spectral type, with less-red Trojans having systematically deeper absorption than red Trojans. This absorption signal has already been detected in the three extant Hilda spectra covering this wavelength range (Takir & Emery 2012) ; however, the three objects all belong to the less-red sub-population. Additional spectroscopic observations targeting both less-red and red Hildas will provide a more detailed look into this feature in relation to the two sub-populations and will aid in the continued exploration of environmental effects on the surface properties of these primordial bodies.
APPENDIX
Plotted here are the final reduced near-infrared spectra of Hildas presented in this paper. Of these, 25 are derived from the IRTF/SpeX observations described in Section 2, and three (153 Hilda, 190 Ismene, and 361 Bononia) are previously published in Takir & Emery (2012) . All spectra are normalized to unity at 2.2 µm and shifted in intervals of 0.5 for clarity. The gray bars denote the main wavelength regions of telluric water vapor absorption. Residual signals within these bands are caused by variable atmospheric conditions during and/or between observations of asteroids and solar analogs stars used for telluric correction.
